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arising from affine Lie algebras –
\S 0
, Kazhdan-Lusztig “Tensor structures arising from affine Lie al-
gebras I-IV” 1 – 2, , Lie $\mathrm{g}l$
Kac-Moody Lie ( Lie ) $\tilde{\mathrm{g}}$




, , O ,
Drinfeld-Jimbo 3 $U_{q}(\mathrm{g})$ $C_{q}\text{ ^{}4}$
$q$
$q=\mathrm{e}^{-\pi\sqrt{-1}/\text{ }}$
, $\kappa$ $\kappa$ O
, $\kappa$ , $q$ 1
, Lie 5
6 , generic case Drinfeld
1. J. AMS 6(1993) $905-_{947},6$ (1993) $949-_{101}1,7$ (1994) $33^{-}381,7(1994)38.3-.453$
I-V , V III-IV $[\mathrm{I}][\mathrm{I}\mathrm{I}][\mathrm{I}\mathrm{I}\mathrm{I}][\mathrm{I}\mathrm{V}]$
$[\mathrm{I}][\mathrm{I}\mathrm{I}][\mathrm{I}\mathrm{I}\mathrm{I}]$ , [24.2] [IV]
[Prop 312]
2. Affine Lie algebras and quantum groups, IMRS 1991221-29
3. Drinfeld-Jimbo (quantum enveloping algebra) – ,
, $U_{q}(\mathfrak{g})$
4. $C_{q}$ Lusztig
5. $\mathrm{w}_{\mathrm{e}\mathrm{S}\mathrm{S}}-\mathrm{z}_{\mathrm{u}\min 0-\mathrm{N}\mathrm{V}}\mathrm{o}\mathrm{i}\mathrm{k}_{\mathrm{o}\mathrm{v}}$ -Witten(WZNW) WZW
6. A. Tsuchiya and Y. Kanie, Vertex operators in Conformal Field Theory on $\mathrm{P}^{1}$ and Monodromy Rep-
resentations of Braid Group, Adv. Stud. in Pure Math. 16 (1988) 297-372
954 1996 36-79 36
$=\ovalbox{\tt\small REJECT}_{\beta}$
7 , generic case $\kappa$
, special case $\kappa$
Drinfeld $\mathbb{C}[[h]]$ , $\kappa=\infty$
[I] , Lie $\tilde{\mathrm{g}}$
$\kappa-$.






associativity constraint 9 [III] generic case




O , $\kappa$ $\mathcal{O}_{\text{ }}$ ,
[II] braiding associativity constraint rigid braided monoidal category
, rigid .\acute .
, $\kappa$
[III] $Darrow \mathcal{E}\sim$ , special case
$\mathcal{O}_{\text{ ^{}arrow\sim c}q}$ , [III] $ADE$
220 .
, [Il $[\mathrm{I}\mathrm{I}][\mathrm{I}\mathrm{I}\mathrm{I}]$ ,





$[\mathrm{I}]\Rightarrow[\mathrm{I}\mathrm{I}]$ , [IV] ( )
, , ,
\S 1 , – , [IV] $\mathrm{A}\mathrm{p}\mathrm{p}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{i}_{\mathrm{X}}$
.
7 VG. Drinfel’d: Quasi-Hopf algebras, Leningrad Math. J. 1 (1990)
8. Coinvariants conformal block
9. Braiding $A\iota\underline{\cross\gamma}B\simarrow B\otimes A$ ; Associativity Constraint $(A\otimes B-)\mathrm{Q}C\simarrow A(\overline{y}(B\otimes C)$
) , Braided Monoidal $0$
10. , “ )’ . .
11. $[\mathrm{I}][\mathrm{I}\mathrm{I}][\mathrm{I}\mathrm{I}\mathrm{I}]$ [IV] ,
, IEX – ,
37
\S 2 Drinfeld $Darrow\sim \mathcal{E}$
$([\mathrm{I}\mathrm{I}\mathrm{I}])$ \S 3 Lie , Lie
$\kappa-h^{\mathrm{v}}$ O , ([I] [IV] – ) \S 4
O ([I] [II]),
, .\S 5 O \S 2
Drinfeld $D$ , $\mathcal{O},$ $O_{\infty},$ $A$ ,
$([\mathrm{I}\mathrm{V}])$ \S 6 \S 5 $\mathcal{O}_{\kappa}$










categOry quasi-tensor category) ,
(rigid) 13 [IV Appendix] ,




(X, $Y$ ) $-X\otimes Y$
, $f$ : $Xarrow X’,$ $g$ : $Yarrow Y’$ ,
$f\otimes g$ : $X\otimes Yarrow X’\otimes Y’$ ,
12. , (tensor category)
,
13. , balancing , [IV] ,
Balancing [IV p.450] [Kas p.348] [Kas]
balancing twist , ribbon category
14. A. Joyal and R. Street, The geometry of tensor calculus I, Adv. in Math. 88 (1991)
15. VG. Drinfel’d, Quasi-Hopf algebras, Leningrad Math. J. 1 (1990)
16. C. Kassel, Quantum groups, GTM 155, Springer 1995
38
1.1
11.1 ( ) $X,$ $Y,$ $Z$ , : : $‘,r$














$x\otimes-((Y\otimes Z)-\otimes W)-X\otimes(-Y\otimes(Z\otimes \mathrm{M}^{r_{\mathrm{I}}}\text{ })$
, { $a_{X,Y,z^{\}}}$.
$\otimes$ $C$ (associativity con-
traint)
,
(pentagon relation) $a_{X,Y,Z}$ $X,$ $Y,$ $Z$ ( )
, $f$ : $Xarrow X’,$ $g$ : $Yarrow Y’,$ $h$ : $Zarrow Z’$ ,
$(X\otimes Y)\otimes zarrow X\otimes(Y\otimes z)$
$(f\otimes g)\otimes h|\downarrow$ $\downarrow|f\otimes(g\otimes l\iota)$
(X’ $\bigotimes_{-}Y’$ ) $\otimes Z^{l}arrow X’\otimes(Y’\otimes z’)$
, ,






$((X\otimes Y)\otimes Z)\otimes-(A\otimes B)arrow(X\otimes(Y\otimes Z))\otimes(\backslash A\otimes B)$
1.12 $(\mathrm{M}\mathrm{a}\mathrm{c}\mathrm{L}\mathrm{a}\mathrm{n}\mathrm{e})17\prime X_{1},$ $\cdots,$ $X_{m}$ $C$ ,
$X_{1} \bigotimes_{-}\cdots\otimes X_{m}$ 2 ,
..
, –
17. S. $\mathrm{M}\mathrm{a}\mathrm{c}\mathrm{L}\mathrm{a}\mathrm{n}\mathrm{e}$ , Natural associativity and commutativity, Rice Univ. Stud. 49 (1963)
39
1.2
12.1 ( ) $(C, \otimes)$ $\{a_{X,Y,Z}\}$ ,
$I\in C$ , $X\in C$
$l_{X}$ : $I\otimes Xarrow X\sim$ , $r_{X}$ : $X\otimes Iarrow X\sim$
,
$(X \otimes I)\otimes Yarrow X\bigotimes_{-}Y$
$\downarrow$ $||$
$X\otimes(I\otimes Y-)arrow X\otimes Y$
(unit object)
1.22 ( ) $(C, \otimes)$ , $C$
(monoidal category) ::
1.23(Kelly)l8 $\grave{C}$ , $Il$
$l_{I}=r_{I}$ ,
$\text{ }$ - .-, : :.:.





$X\otimes Y^{\cdot}--\cdot\cdot X\otimes Y$,
$\mathrm{Y}$
, , –^ 19 ,
1.3
$C$ $(\otimes, a, I, l, r)$
13.1 ( ) $X,$ $Y$ ,
$c_{X,Y}.$ : $X\otimes Y-\simarrow Y\otimes X$
.
$\backslash \cdot$
. $,.\cdot$ . .. . $\cdot$ .rr $\cdot$ . .
, $X,$ $Y,$ $Z\in C$ ,
18. $\mathrm{G}.\mathrm{M}$ . Kelly, On $\mathrm{M}\mathrm{a}\mathrm{c}\mathrm{L}\mathrm{a}\mathrm{n}\mathrm{e}^{)}\mathrm{s}$ conditions for coherence of natural associativities, commutativities, etc.
J. Alg. 1 (1964)
19. [Dl p. 1425]
40
$(X \otimes\downarrow Y)\otimes Zarrow(Y\otimes X)\bigotimes_{-}Zarrow$
.
$Y\otimes-(X\downarrow n.Z)-$
$X\otimes(Y\otimes Z)rightarrow(Y\otimes Z)\otimes Xarrow Y\otimes(Z(_{arrow}^{-}\triangleleft X)$
$X \bigotimes_{-}(Y\downarrow\otimes Z)arrow X\bigotimes_{-}(Z\otimes Y)arrow(X\otimes\downarrow Z)(\cross-sY$
$(X\otimes-Y)\otimes Zarrow Z\otimes-(X\otimes^{-}Y)arrow(Z\otimes-X)\otimes Y$









$\text{ }\Leftrightarrow \text{ }\mathrm{A}^{\mathrm{a}\text{ }}\mathrm{t}\mathrm{h}\text{ }\downarrow-2^{\gamma_{\overline{\mathrm{A}}}0}\mathrm{A}\mathrm{a}2$
$J$ .
132 ( ) (braided nuOnOidal
category) 21
1.3.3 ,




1.3.4 (Yang-Baxter ) ,










$X\otimes Z\otimes- Yrightarrow$. . $Z\otimes X\otimes Yarrow Z\otimes Y\otimes X$
,
20. ( ) – , $c_{Y,X}0C_{X,Y}=\mathrm{i}\mathrm{d}_{X\otimes Y}$
, $c_{X,Y}$ commutativity constraint
braiding , , braiding
,
. ‘.
P. Deligne and J. Milne, Tannakian categories, in LNM 900, Springer 1982




14.1 ( ) $C$ $A,$ $B$ ,
$\epsilon_{A,B}$ : $A\otimes Barrow I$
$\eta_{B,A}$ : $I arrow B\bigotimes_{-}A$
,
$Aarrow A\sim\otimes-Iarrow A\underline{\mathrm{i}\mathrm{d}\otimes\eta B},A\otimes-(B\otimes A)$ a $(A \bigotimes_{-}B)\otimes-A^{\epsilon_{A,B}\otimes \mathrm{i}\mathrm{d}}arrow I\otimes Aarrow\sim A$
$B\approx I\otimes Barrow\eta_{B,A^{\otimes \mathrm{i}\mathrm{d}}}(B\otimes A)\otimes Barrow B\sim\otimes-(A\otimes B)\underline{\mathrm{i}\mathrm{d}\otimes\epsilon}A,Barrow B\otimes Iarrow B\sim$
$\mathrm{i}\mathrm{d}_{A}$ $\mathrm{i}\mathrm{d}_{B}$ , $A$ $B$
, $B$ $A$
, – 22
$A=B^{*},$ $B=*A$ , ,
142 , $X,$ $Y$ ,
$\mathrm{H}\mathrm{o}\mathrm{I}\mathrm{n}_{C}(A\otimes X, Y)arrow^{\sim}\mathrm{H}\mathrm{o}\mathrm{m}_{c^{(X,B}}\otimes Y)$
$\mathrm{H}\mathrm{o}\mathrm{m}_{C}(X\otimes B, \mathrm{Y})arrow\sim \mathrm{H}\mathrm{o}\mathrm{m}_{C}(X, Y\otimes A)$





$C$ , $A$ $*(A^{*})arrow\sim A- \mathrm{P}$ $(^{*}A)^{*}$
, $C$ ,
$F_{B}$ : $C-$ Sets
$X- \mathrm{H}\mathrm{o}\mathrm{m}_{c^{(X}}\bigotimes_{-}B,$ $I)$
$A=B^{*}$ ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{c^{(X}}\otimes B,$ $I)arrow^{\sim}\mathrm{H}\mathrm{o}\mathrm{m}_{C}(x, A)$
.4 $\cdot$
22. [Dl p.1426]
23. $|$) , , $\mathrm{H}\mathrm{o}\mathrm{m}(A,’ B)arrow\sim’ A^{*}\otimes B\sim\dot{\text{ }}$ Holn : $C\mathrm{x}Carrow$
$C$ , –
24. , ( ) ( )
42
, , $B$ $B^{*}$
[IV] , ( )
’ . . $\backslash$.
144( ) [Def A4] $C$ $B$
$F_{B}$ , $B$ (weakly rigid)
$F_{B}$ $B^{*}$ , , $B->B^{*}$
, $C$
.....
145( ) [Def A5] $C$ $C$
$B$ (Kazhdan-Lusztig ) , $B$
25
1.5 Abel








152 [Conj A.1] $C$ Frobenius , $X\otimes^{-}\mathrm{Y}$ $X$ $\iota\nearrow$
.
, $R$
153( ) [IV p.448] $C$ Abel , $X,$ $Y\in C$
, $\mathrm{H}\mathrm{o}\mathrm{m}_{C(x},$ $Y$ ) , R-
, $R$- , $C$ $R$
25. [IV] $C$ $C$
, 141 – ,




Abel ( $\mathrm{R}$-category) $\text{ }s\backslash ^{26}\backslash \backslash$ , $C$ , $\otimes$ R-
, R- , $C$ $R$ (lllonoidal
R-CategOry)
$R=\mathbb{C}[[\varpi||,$ $F=\mathbb{C}((\varpi))$ ,
$\pi$ : $Rarrow \mathbb{C}$ , $j$ : $R^{\mathrm{c}}arrow F$
$D$ $R$ Abel , $D$ ,
$\mathrm{H}\mathrm{o}\ln_{D(Y)}x,\bigotimes_{-R}F$ , $\mathrm{H}\mathrm{o}\mathrm{m}_{D}(X, Y)\ltimes-\gamma \mathrm{c}R$
Abel , $F$ , $\mathbb{C}$ Abel
, $D_{F},$ $D_{\mathbb{C}}$ ,
$D_{F}arrow Darrow D_{\mathbb{C}}$
, $D$ $R$ , $D_{F}$ $D_{\mathbb{C}}$
$R$ Abel $D$ $X$ (torsion free) , $X$ $\varpi$
$\varpi \mathrm{i}\mathrm{d}_{X}\in \mathrm{H}\mathrm{o}\mathrm{m}_{D(X,X}$ )
$.\mathrm{i}$ . $’$. :.-. $\cdot$ , $\cdot$
154 [Lem A.12] $D$ $R$ Frobenius ,
$D$ $X$ , $D_{\mathbb{C}}$ $\overline{X}$
$.\backslash$
’
$\cdot$ : . .
15.5 [Prop A3] $D$ $R$ Frobenius ,
$D_{F}$ $D$ $X\otimes l’$’
$X$ $Y$
, O 27 $r$
$:1.6$ . :
$C$ $C’$
16.1 ( ) [Def A.12] $C$ $C’$ . X:
$Carrow C’$
















X$((A \otimes B)\otimes C)\frac{\mathrm{X}(a_{A,B.’ C})}{}\mathrm{X}(A\otimes-(B\otimes C))$
,
16.2 [Lem A. $14|$ $C$ $C’$ Abel , X: $Carrow C’$
, ’ ’






17.1 (Artin ) [Def A.13] Abel $C$ Artin , ,
,
17.2 ( ) [Def A13] Artin $C$ { $|j\in J$}
(ample) , $L\in D$ $\dot{j}_{0}$ $\in J$ ,
$\mathrm{H}\mathrm{o}\mathrm{m}_{D}(P_{j_{0}}, L)\neq 0$ .. :. $.=.\cdot$ .
: $-$ .
173 [Lem A.15] $C,$ $C’$ Artin { } $C$ ,
X: $Carrow C’$ $- C’$ ,




\S 2 pHH\Phi e\sim b
, $I\mathrm{I}\mathrm{p}\mathrm{n}\mathrm{H}\Phi \mathrm{e}\mathrm{J}\mathrm{l}\mathrm{b}l\mathrm{I}$ (Drinfeld) , [III]
, Lie , $\mathbb{C}[[\varpi||\text{ ^{}28}$ Lie
$\mathrm{g}[[\varpi]]$ $D$ , $\mathrm{K}\mathrm{Z}$
, $\Pi_{\mathrm{P}^{\mathrm{P}\mathrm{I}\mathrm{H}}\Phi \mathrm{b}\Pi}\mathrm{e}.\Pi$
$\text{ }\Leftrightarrow 29$ $\mathcal{E}$
, quasi-Hopf lpHH\Phi eJIb
$h^{\grave{\grave{\mathrm{a}}}^{30}}$ ,
, Lie [Hu]31
, $\mathbb{C}[[\varpi||$ [III] , [D1] [Kas p.385]
, [Ll]32 Part I
2.1 $\mathbb{C}$ Lie
, Lie $\mathrm{g}$ $\mathbb{C}$
Lie , Cartan $\mathfrak{h}$ $\mathrm{g}$ $(-|-)$
, $\mathfrak{h}^{*}$ $\mathrm{g}$ lt
$\mathrm{g}=\mathfrak{h}\oplus(\bigoplus_{\alpha\in \mathfrak{h}^{*}}9_{\alpha}),$ $\mathfrak{g}_{\alpha}=\{X\in \mathrm{g}|[H, X]=\alpha(H)X\}$
$\triangle=\{\alpha\in \mathfrak{h}^{*}|\alpha\neq 0,9_{\alpha}\neq 0\}$ $\triangle$ $\triangle$
Z- , $Q$ $\triangle$ $\Delta^{+}$
$\triangle^{-}=-\triangle^{+}$ , $\Pi\subset\triangle^{+}$ ,
$\Pi$ – ,
$\mathrm{g}^{-}=\bigoplus_{\alpha\in\Delta^{-}}\mathrm{g}$
, $\Pi=\{\alpha_{1}.’\cdots, a_{r}\}$ ,
$a_{i^{j}},= \frac{2(\alpha_{i}|\alpha_{j})}{(\alpha_{i}|\alpha_{i})}$
, $(a_{i^{j}},)^{r}i^{j},=1$ $\mathrm{c}^{\mathrm{t}}\mathrm{a}\mathrm{r}\tan$
2.1.1 $(\mathrm{S}\mathrm{e}\mathrm{r}\mathrm{r}\mathrm{e})^{3}3\cdot \mathrm{g}$ $\{e_{i}, f_{i}, h_{i}|i=1, \cdots, r\}$ Lie ,
$[h_{i}, e_{j}]=ai,je_{j},$ $[h_{i}, f_{j}]=-a_{i,j}f_{j},$ $[e_{i}, .f_{j}]=\delta_{i,j}h_{i}$
$(\mathrm{a}\mathrm{d}e_{i})^{-}a_{?}\cdot,,j+1(e_{j})=0,$ $(\mathrm{a}\mathrm{d}f_{i})^{-}ai,j+1(f_{j})=0$ , $(i\neq j)$
Lie $(\mathrm{a}\mathrm{d}X\mathrm{I}(Y)=[X, Y]$
28. $\Pi_{\mathrm{P}\mathrm{p}\mathrm{l}\mathrm{H}}\Phi \mathrm{e}\mathrm{J}\mathrm{l}\mathrm{b}\mathrm{l}1$ $\varpi=\frac{h}{2\pi\sqrt{-1}}$ $h$ $\mathbb{C}[[h||$
29. $I\mathrm{l}\mathrm{p}\iota \mathrm{I}\mathrm{H}\Phi \mathrm{e}\mathrm{J}\mathrm{I}\mathrm{b}\mathit{1}\mathrm{I}$ $U_{h}(\mathfrak{g})$ , $U_{q}(\mathfrak{g})$ , $q$ $\mathrm{c}_{[}[\varpi]]$
$q=\exp(\pi\sqrt{-1}\varpi)$
30. [Kas, p.460]
31. $\mathrm{J}.\mathrm{E}$ . Humphreys, Introduction to Lie algebras and their representation theory, GTM 9, Springer 1972
32. G. Lusztig, Introduction to quantum groups, Birk\"auser 1993
33. J.-P. Serre, Alg\‘ebres de Lie semi-simples complexes, Benjamin 1966
46
, $e_{i}$ $\mathrm{g}_{\alpha_{i}}$ , $f_{i}$ ( $\mathrm{g}_{-\alpha_{i}}$ , $h_{i}$ [ $\mathfrak{h}$ –
, $\mathrm{g}$ - , $\mathrm{g}$ ,
(dominant integral weight) ,
$P_{+}=\{\lambda\in \mathfrak{h}^{*}|\lambda(h_{i})\in \mathbb{Z}_{\geq 0}\}$
34 $\lambda\in P_{+}$
$e_{i}v_{\lambda}=0,$ $h_{i}v_{\lambda}=\lambda(h_{i})v_{\lambda}$
$v_{\lambda}(\neq 0)$ g- $\mathrm{V}_{\lambda}$ –
2.12(Cartan-Weyl ) g- Abel (semi-simple)
, (sirnple object) , $P_{+}$
$\lambda\mapsto \mathrm{V}_{\lambda}$
, g- , ,
$\mathrm{g}$ , – $\lambda\in P_{+}$ $\mathrm{V}_{\lambda}$




$[f(h)\otimes X, g(h)\otimes Y]=f(h)g(h)\otimes[X, Y]$
, ( $\mathbb{C}$ $\langle$ ) $\mathbb{C}[[\varpi]]$ Lie 35
2.2.1 ( $D$ ) $[19.3]$ g[[\varpi ]]- $M\text{ }36$ , C[[\varpi ]]-
, g[[\varpi ]]- $D$
$D$ $\mathbb{C}[[\varpi]]$ Abel , g- $V$ ,




$rightarrow 11$ { $D$ }
$V$ $\mapsto V[[\varpi]]$
$M/\varpi M$– $M$
34. , – $\mathrm{N}^{I}$ , ( $I$ ) $0$
35. , , , $\mathbb{C}[[\varpi 1]$ ,
36. , $\mathfrak{g}[[\varpi]]$ $\mathbb{C}[[\varpi]]$ [Kas] ’[(g)[[\varpi ]]. ’.
47
37,
{ $\mathrm{g}- \text{ }$ } $rightarrow 11$ { $D$ }
38 , $M$ $D$
$M= \bigoplus_{\mu\in \mathfrak{h}^{*}}M^{\mu}$ , $M^{\mu}=\{\mathrm{t}’\in M|h_{i}v=\mu(hi)v\}$
22.2 ( ) [19.4] $M$ $D$ $i$ , $\mathbb{C}[[\varpi||-$








$\{\theta_{i}\}$ $\mathrm{g}$ Weyl , $\theta_{0}$ $w_{0}$
, $\theta 0$ g[[\varpi ]]-






, $\theta 0$ $x_{\lambda}=\theta 0(y_{\lambda})$
2.24 ( $-:P+arrow P_{+}$ ) $[19.1]$ $\lambda$ , $\overline{\lambda}=-w0\lambda$
, $\mathrm{V}_{\lambda}$ $\overline{\lambda}$
.
22.5 [19.5] $M,$ $M’$ $D$ , $M\otimes_{\mathbb{C}\varpi \mathrm{l}\mathrm{l}}M’\iota\iota$ $9[[\varpi]]-$
$D$ , $\mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes_{\mathbb{C}\varpi}^{-\mathrm{v}[}[[]]\mu[\varpi]]=$ ( $\mathrm{V}_{\overline{\lambda}}\otimes-$ $\mathrm{V}_{\mu}$ ) $[[\varpi]]$ g[[\varpi ]] \Pi \Phi
$x_{\overline{\lambda}}\otimes y_{\mu}$
37.
38. $D$ $M$ , $M$ g[[\varpi ]]- $M_{1}\in D$ $M=M_{1}\oplus M_{2}$
g[[\varpi ]]- $M_{2}\in D$ , $V$ g-
, $V[[\varpi]]$ g[[\varpi ]]- , $\varpi V[[\varpi]]\in D$ $V[[\varpi]]$ g[[\varpi ]]-
, $V[[\varpi]]/\varpi V[[\varpi]]\simarrow V$ C[[\varpi ]]- , $D$
48
2.3 KZ
Cartan $D=(a_{i,j})$ , $DA=(d_{i}a_{i},i)$
$D=\mathrm{D}\mathrm{i}\mathrm{a}\mathrm{g}(d_{i})$ , 1, 2, 3
, $\mathfrak{h}^{*}$ ,
$(\alpha_{i}|\alpha_{j})=d_{i}a_{i,j}=d_{j}a_{j,i}$
, $\mathrm{g}$ Weyl $\rho\in \mathfrak{h}^{*}$
$\rho=\frac{1}{2}\sum_{\alpha\in\triangle^{+}}\alpha$
23.1 ( t) [19.2,19.6] $\mathrm{g}\otimes\emptyset-$ $\mathrm{t}$
$\mathrm{t}=\sum_{i,j}dib_{i},hijl\otimes h_{j}+\sum_{i}.\cdot.d_{i(e_{i}}\otimes f_{\dot{\tau}}-+f_{i}\otimes- e_{i})+\cdots$
, $x\in 9$ $(x \otimes 1+1\bigotimes_{-}x)\mathrm{t}=\mathrm{t}(x\otimes 1+1\otimes x)$ $U(\mathrm{g})\otimes U(\emptyset)$
2 39 , $(b_{i,j})$ Cartan
, $\cdot$ . . ( ) \otimes ( )
( )\otimes ( )
, $v$ $\mathrm{V}_{\overline{\lambda}}\emptyset$ $\mathrm{V}\mu$ $\mathrm{V}_{\nu}$ ,
$\mathrm{t}(v)=-\frac{\perp}{2}[(\lambda|\lambda+2\rho)+(\mu|\mu+2\rho)-(\nu|\nu+2\rho)]v$
$\mathrm{t}$ $\mathrm{g}[[\varpi]]\bigotimes_{-}\mathrm{g}[[\varpi]]$
, $M_{1},$ $M_{2},$ $M_{3}$ $D$ , C[[C\varpi ]]- $M=\mathit{1}1l_{1}\otimes \mathit{1}\mathrm{W}_{2}\otimes \mathit{1}\mathrm{W}_{3}$
$\mathrm{t}$ $M$ :.
.
$\cdot$ . $\cdot$,. $\cdot$ . $\cdot$








$\mathrm{t}_{23}$ : $M_{1} \bigotimes_{-}M_{2}\otimes M_{3}arrow M1\otimes \mathrm{t}1\otimes M_{2}\otimes \mathrm{j}|l_{8}\backslash$
1 $\cdot$ .
$\overline{\pi.}\text{ }2.3.2$ ( $\pi^{z}’,T\text{ }60$ KZ $\text{ }\ovalbox{\tt\small REJECT}\yen \text{ }T\Pi$)
$[19.8]\text{ }\subset \mathrm{x}7\ovalbox{\tt\small REJECT}\backslash (0,1.)^{\text{ }}.‘ \text{ }‘ \text{ }.\cdot \text{ }..arrow..M,.arrow.t^{\mathrm{g}}.\llcorner’..\cdot....-\vee!_{\grave{\mathrm{i}}}^{arrow}\backslash \cdot\cdot\cdot\}\cdot’:i\text{ }.\text{ }7\ovalbox{\tt\small REJECT},\text{ }j\cdot’\backslash ’\backslash \wedge$





39. – $(-|-)$ $\mathfrak{g}$ $\{J_{a}\},$ $\{J^{a}\}$ , $\mathrm{t}=\sum_{a=1}J$ $\otimes J^{a}$
40. Knizhnik-Zamolodchikov equation
49
$\mathrm{K}\mathrm{Z}$ $f$ , $Marrow\sim \mathbb{C}[[\varpi]]\otimes V0$ $\mathbb{C}-$
$V0$ $f(z)= \sum_{n=0}f_{n}\infty(z)\varpi n,$
$(f_{n}(z)\in V_{0}.).$ ’ , .$f_{n}(z)$
[19.8] , $V0$
, $\mathrm{K}\mathrm{Z}$ C $\mathcal{H}$
41
, $f\in \mathcal{H}$ ,
$\mathcal{H}$ $M$
$R_{0}$ : $f- \lim_{zarrow 0}z-\varpi \mathrm{t}_{12}f(z)$
$R_{1}$ : $f-1\mathrm{i}\lnarrow 1(1-z)$ $-\varpi \mathrm{t}_{23}f(z)$
,
$z^{-\varpi \mathrm{t}_{12}}f(_{Z})= \sum\infty\frac{(-\log_{Z})^{n}\varpi \mathrm{t}_{12}nnf(Z)}{n1}$
$n=0$




, $D$ , $\mathbb{C}[[\varpi]]$ $M_{1}\otimes\Lambda I_{2}=M_{1}\otimes_{\mathbb{C}[[\varpi]]}fll_{2}$
$\mathrm{g}[[\varpi]]$ :
9 $[[\varpi]]\cross M1\otimes M_{2}arrow M_{1}\otimes M_{2}$
$(x, v_{1}\otimes v_{2})$ $\mapsto xv_{1}\otimes v_{2}-+v_{1}\otimes xv_{2}$
,
$\otimes$ : $D\mathrm{x}D$ $D$
$(M_{1},M_{2})-M1\otimes M_{2}$
, $(M_{1}\otimes M_{2}-)\otimes M_{3}$ $M_{1}\otimes(\mathit{1}\mathrm{W}_{2}\otimes M_{3})$ C[[\varpi ]]-
$M_{1}\otimes M_{2}\otimes M_{3}$ , ( )
$D$
24.1 ( ) [19.10,19.12]
$a_{M_{1},M_{2},M_{3}}$ : $(M_{1} \bigotimes_{-}M_{2})\otimes \mathrm{j}I_{3}arrow M_{1}\otimes(M_{2}\otimes \mathit{1}\mathrm{W}_{3})$
, $M=M_{1}\otimes M_{2}\otimes M_{3}$ KZ $a_{M_{1},M2,M3}=R_{1}R_{0}^{-1}$
42 ,
$c_{M_{1},M_{2}}$ : $M_{1}\otimes M_{2}-arrow M_{2}\otimes M_{1}$
41. $\mathrm{K}\mathrm{Z}$ [Kas $\mathrm{p}.455^{-}$]
42. Drinfeld associator
50






24.2 $(\Pi \mathrm{p}\iota q\mathrm{H}\Phi \mathrm{e}\mathrm{J}\mathrm{l}\mathrm{b}I\mathrm{I})$ [Dl]43 $\mathbb{C}[[\varpi]]$ $\{a_{M_{1}.M_{2}.M_{3}}\}$
$\{c_{M_{1},M_{2}}\}$ , $D$
2.5 4\check 4\emptyset




– g[[\varpi ]]- ,..
$6_{\lambda}^{\gamma\prime}$ : $\mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{v}_{\lambda}[[\varpi]]arrow \mathbb{C}[[\varpi]]$ .
, $x_{\overline{\lambda}}\otimes y_{\lambda}$ 1 – g[[\varpi ]]-





$(1\otimes S_{\mu}arrow(\mathrm{v}[)\otimes 1\overline{\lambda}[\varpi]]\otimes \mathbb{C}[[\varpi]])\otimes-\mathrm{V}_{\lambda}[[\varpi]]arrow\sim \mathrm{V}_{\overline{\lambda}}[[\varpi]]\ltimes-\gamma \mathrm{V}\lambda[[\varpi]]arrow S_{\lambda}\mathbb{C}[[\varpi]]$




, $\lambda,$ $\mu,$ $\iota\ovalbox{\tt\small REJECT}\in P+$ , $D$
$\mathrm{t}\mathrm{r}_{\lambda,\mu}^{\nu}$ : $\mathrm{V}_{\overline{\lambda}+\overline{\nu}}[[\varpi]]\otimes \mathrm{V}_{\nu+\mu}[[\varpi]]rightarrow \mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{V}_{\mu}[[\varpi]]$
$D$
$\mathrm{V}_{\overline{\lambda}+\mu}\overline{\nu}[[\varpi]]\otimes \mathrm{v}_{\nu}+\mu[[\varpi]]\tau_{\overline{\lambda}},\tau\overline{\nu}^{\bigotimes_{arrow}}\nu,\mu(\mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{V}\overline{\nu}[[\varpi]])\bigotimes_{-}(\mathrm{v}_{\nu}[[\varpi]]\bigotimes_{-}\mathrm{v}[[\varpi]])$
$arrow(\sim \mathrm{V}_{\overline{\lambda}}[[-\varpi]]\otimes(\mathrm{v}_{\overline{\nu}}[[\varpi]]\otimes-\mathrm{v}_{U}[[\varpi]]))\otimes^{-}\mathrm{v}_{\mu}[-.[\varpi]]\backslash .)‘arrow \mathrm{v}_{\overline{\lambda}^{[}}5_{\nu}^{\urcorner}[\varpi]]’\zeta\wedge.\mathrm{J}\mathrm{V}\mu[[\varpi]]$
,
25.2 [21.3] : $\mathrm{t}\mathrm{r}_{\lambda,\mu}^{\nu_{1}+\nu}2=\mathrm{t}\mathrm{r}_{\lambda,\mu}^{\nu_{1},\nu}\circ \mathrm{t}\mathrm{r}\lambda^{2}+\nu_{1},\mu+\nu_{1}$
43. [Kas p.471] .
44. ( ) “intertwining $\mathrm{o}\mathrm{p}\mathrm{e}\Gamma \mathrm{a}\mathrm{t}\mathrm{o}\mathrm{r}’$ ) ,
, intertwining ,
51
, $i\in\{1, \cdots, r\}$ , $\lambda,$ $\mu\in P_{+}$ $\lambda(h_{i})\geq 1,$ $\mu(h_{i})\geq- 1$
, $\lambda+\mu-\alpha_{i}\in P_{+}$ ,
$\tau_{i;\lambda,\mu}$ : $\mathrm{V}_{\lambda+\mu\alpha_{i}}-[[\varpi]]arrow \mathrm{V}_{\lambda}[[\varpi]]\otimes \mathrm{v}_{\mu}[[\varpi]]$
, , $\tau_{i;\lambda,\mu}’$ : $\mathrm{v}_{\lambda+\mu-\alpha}[i[\varpi]]arrow \mathrm{V}_{\lambda}[[\varpi]]\otimes-\mathrm{V}_{\mu}[[\varpi]]$
.
$\tau_{i\cdot\lambda,\mu}^{l},$ : $y_{\lambda+i}\mu-\alpha\mapsto\lambda(h_{i})y\lambda\otimes fiy\mu-\mu(h_{i}).f_{i}y\lambda \mathrm{G}9y\mu$
– g[[\varpi ]]- ,
$\tau_{i;\lambda,\mu}=\frac{1}{\Gamma(1+\lambda(h_{i})\varpi)\Gamma(1+\mu(hi)\varpi)\mathrm{r}(1-(\lambda(hi)+\mu(h_{i}))\varpi)}\mathcal{T}’i;\lambda,\mu$
, $r$ ,
$z-\not\simeq \mathrm{r}(^{-}1+rz)$ $z=0$ $z=\varpi$ $\mathbb{C}[[\varpi]]$
$\Gamma(1+r\varpi)$
2.6 X. $-$ .: ,
$q$
$\mathbb{C}[[\varpi]]$ $q=\exp(\pi\sqrt{-1}\varpi)$ $\mathit{7}l$
$[n]_{q}= \frac{q^{n}-q^{-\cdot n}}{q-q^{-1}},$ $k[n]_{q}!=[\overline{n}]_{q}\cdots[1]_{q}$




$\beta\in P$ $\lambda+\beta\in P_{+}$ $\lambda\in P_{+}$ , $M\in D$
$M_{\beta}^{(\lambda)}=\mathrm{H}\mathrm{o}\mathrm{m}_{D}(\mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{V}_{\lambda+_{n}\beta}[[\varpi]], M)$
, $\nu\in P+$ $\mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{V}_{\lambda+\beta}[[\varpi]]-^{J}M$
$\mathrm{t}\mathrm{r}_{\lambda,\lambda+\beta}^{\nu}$
$\mathrm{V}_{\overline{\lambda}\overline{\nu}}[+[\varpi]]\otimes-\mathrm{V}\lambda+\nu+\beta[[\varpi]]arrow \mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{V}\lambda+\beta[[\varpi]]arrow Mf$
.




$\ovalbox{\tt\small REJECT}^{\vee}$ .$.l$ ..$\cdot\cdot$ . $\cdot$ .,’ $\backslash$. . . $\cdot$ .
26.1 [25.2] $\mathbb{C}[[\varpi]]$ - $\{M_{\beta\beta}^{(\lambda)(\nu}arrow \mathrm{j}|\ell\}\psi\lambda+)\lambda;\nu\in P+$ , $\hat{\text{ }}$ , $\lambda$
$\psi$
262((C[[\varpi ]]- $\mathrm{X}(M)^{\rho}$ ) $[25.3]$ C[\models ] $]$ - $\mathrm{X}(M)$
X
$(M)=. \sum_{\beta\in \mathfrak{h}^{*}}\mathrm{X}(M)^{\beta}$ , X $(M)^{\beta}= arrow\lim_{\lambda}M_{\beta}^{(\lambda)}$
52
26.3 $\mathrm{C}[[\varpi]|$ - $\mathrm{X}(M)arrow M\sim$ , $E_{i},$ $F_{i}$
262
, $i\in\{1, \cdots, r\}$ , $\lambda(h_{i})\geq 1,$ $\mu(h_{i})\geq 1$ $\nu\in P$ ,
$\Phi_{i,\lambda,\mu}^{\nu}.$ : $\mathrm{V}_{\overline{\lambda}\overline{\alpha}_{i}}-,$$[+\overline{\nu}[\varpi]]\otimes \mathrm{v}_{\nu+}.\mu[[\varpi$
.
$]]arrow \mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{v}_{\mu}[[\varpi]]$
$\neg\tau$ $–$ $rr$ ”
$[\nu(h_{i})]qi;\overline{\lambda},\overline{\nu}\otimes\tau_{\mathcal{V},\mu}-1_{\mathcal{T}}$
$rr$
$\mathrm{v}_{\overline{\lambda}+\overline{\nu}-\overline{\alpha}_{i}}[[\varpi]]\otimes \mathrm{v}\nu+\mu[[\varpi]]\underline,,\mathrm{v}[\overline{\lambda}[\varpi]]\otimes \mathrm{v}_{\overline{\nu}}[[\varpi]]\otimes \mathrm{v}_{\nu}[[\varpi]]_{\Theta}\mathrm{v}_{\mu}[[\varpi]]$
,
$arrow 1\otimes S_{\nu}\otimes 1\mathrm{v}\overline{\lambda}^{[}[\varpi]]\otimes \mathrm{V}\mu[[\varpi]]$
$\Psi_{i;\lambda,\mu}^{\nu}$ : $\mathrm{V}_{\overline{\lambda}+\overline{\nu}}[[\varpi]]\otimes-\mathrm{V}_{\nu+-}\mu\alpha i[[\varpi]]arrow \mathrm{V}_{\overline{\lambda}}^{:}[[\varpi]]^{-}\otimes-\mathrm{v}_{\mu}[[\varpi]]$
,
$\mathrm{V}_{\overline{\lambda}+\overline{\nu}}[[\varpi]]\approx\otimes \mathrm{V}_{\mathcal{V}}+\mu-\alpha i[[\varpi]::\underline{e}].\cdot[.,\nu(’\iota_{i})]_{q}.-.1.\underline{T\otimes\overline{\lambda},\overline{\nu}\tau_{i;}}|_{-1}\nu.’\mu \mathrm{v}_{\overline{\lambda}}.[[\varpi]].\otimes \mathrm{V}\overline{\mathcal{V}}[\mathfrak{k}^{\dot{\varpi}}]1\otimes-\mathrm{v}_{\nu}[[\varpi]]\otimes \mathrm{v}_{\mu}.\mathrm{E}[\varpi^{:}]]$
$\mathrm{x}_{\mathrm{Y}}‘..\prime \mathrm{t}$
. ..’. $\backslash \cdot.|:J.\sim:$. $=_{1}..$ , ;. $1\otimes S_{\nu}\otimes 1$
$arrow \mathrm{V}_{\overline{\lambda}}[[\varpi]]\otimes \mathrm{V}_{\mu}[[\varpi]]$
264 ( $E_{i},$ $F_{1}$ ) [25.11] $M$ $D$ , $\beta\in P$ $M_{\beta}^{\langle\lambda)}=$ Honl$D(\mathrm{V}_{\overline{\lambda}}[[\varpi]]^{-}\otimes$
$\mathrm{V}_{\lambda+\beta}[[\varpi]],$ $M)$ $f$ . . . $-\cdot$ :
$\Phi^{(\nu)}$
$\mathrm{V}_{\overline{\lambda}\overline{\nu}^{-}i}[+\overline{\alpha}[\varpi]]\Phi \mathrm{v}\lambda+\nu-\alpha i)(+(\beta+\alpha_{i})[[\varpi]]arrow \mathrm{V}i;\lambda,\lambda+\beta\overline{\lambda}[[\varpi]]\otimes \mathrm{V}_{\lambda/}f[+[\varpi]]arrow Mf$
, ,
$E_{i}$ : $\mathrm{X}(M)^{\beta}arrow \mathrm{X}(M_{-)^{\beta+}}\alpha_{i}$
$-.$
’
$\wedge 1^{1}.\backslash \mathrm{t}.t.\cdot...,$ $*\cdot \mathrm{t}\backslash .\cdot.\text{ }:.arrow$ . . .
, $\Psi$ $\sim:\cdot;.’*.j$. . . : :. :. $=$ $l,$ . $’-\backslash \backslash ,\backslash ’$ $\mathrm{S}‘ l^{\backslash }$
$F_{i}$ : $\mathrm{X}(M)^{\beta}arrow \mathrm{X}(M)^{\beta-\alpha_{i}}$
’ : , ,$’\dot{\mathrm{i}}’..\cdot j$-.-..’::. $\cdot \mathrm{I}:’.-$. $\backslash .\searrow\cdot\cdot=\backslash ..j$. $\iota..:..\cdot \mathfrak{i}.ii:\backslash .,\backslash :-\overline{\mathrm{r}}’\cdot\cdot \mathfrak{x}^{l}\backslash \cdot.1^{*}.$. $-...$ .$:\backslash !\backslash$. $-^{\dot{\mathit{1}}\prime}\underline{\prec}..J..d$
$\text{ ^{}-}.\cdot--.’$ . $.:\wedge$‘ .. . :
2.7 $\mathcal{E}$ $t$ .$\cdot$. ,. $\cdot$ $-$
$_{\mathrm{c}}^{-}$. $E_{i},$ $F_{i}$ ,Drjnfeld $U_{\varpi}(9)\}$
,
Cartan $D=\mathrm{D}\mathrm{i}\mathrm{a}\mathrm{g}(d_{i})$ ( $2.3^{\vee}$ ) ,
$q_{i}=q^{d_{i}}=\exp(\pi^{\sqrt{-1}d)}i^{\varpi}$
) : :, $r$ ; $t$ .., . $\ovalbox{\tt\small REJECT}.$: ’\sim $-\cdot..$ : ::-:. $;$ ‘ $:\backslash \cdot\backslash \cdot:$ : 1
27.1 ( $\mathcal{E}$) $[24.1]$
$\mathrm{C}[[\iota\varpi]]- \text{ }\backslash$
:
$V=”\backslash \backslash \oplus V_{-}^{\beta}j$
.
$\beta\in P$
C[[\varpi ]]- $V$ , C[[\varpi ]]- $E_{i},$ $F_{i}$ :. $Varrow V,$ $(i\cdot\cdot=1, \cdots, r.)$ ,
1
, .:.... . $\cdot$ - $.\mathrm{k}.$ . . ) ‘ $\wedge.\cdot$
53
(1) $E_{i}(V^{\beta})\subset V^{\beta+\alpha_{i}},$ $F_{i}(V^{\beta})\subset V^{\beta-\alpha_{i}}$
(2) $(E_{i}F_{i}-F_{i}E_{i})(x)=\delta_{i,j}[\beta(h_{i})]q_{\dot{f}},x$ , $(x\in V^{\beta})$
(3) $i\neq j$ ,
(3-1) $m+n=1^{-}a \sum_{i,j}(-1)n\frac{1}{[m]_{q}i![n]qi!}E_{i}mEiE^{n}i=0$,
(3-2) $\sum_{m+n=1a}-i,j(-1)n\frac{1}{[m]_{q}i![n]qi!}F_{i}mF_{j}Fi^{n}=0$ ,
, $\mathbb{C}[[\varpi]]-$ $Varrow l^{\gamma\prime}$ , $E_{i},$ $F_{i},$ $(i,$ $j=$
$1,$ $\cdots,$ $r)$ , $\mathcal{E}$
2.7.2 ($\mathcal{E}$ ) [24.3] $\mathcal{E}$ , $V_{2}$ , $\mathbb{C}.[[\varpi]]$





, $V_{1^{\bigotimes_{-}}}V_{2}$ $\mathcal{E}$ , C[[\varpi ]]-
$(V_{1}\otimes V_{2})\otimes V_{3}rightarrow V_{1}\otimes(V_{2}\otimes V_{3})$
$(x_{1}\otimes x_{2})\overline{\otimes}x_{3}-x_{1}\otimes-(x_{2}\otimes-x_{3})$
, $I=\mathbb{C}[[\varpi]]$ $E_{i},$ $F_{i}$ $0$ ,
, $\mathcal{E}$
273( $R$- Lusztig ) [24.5] $\mathcal{E}$
$D_{V_{1}},v_{2}$ : $V_{1}\otimes V_{2}arrow V_{2}\otimes-$ $\{D_{V_{1,2}}V\}$ , –
(1) $D_{V_{i},V_{2}}$
(2) $x\in V_{1}^{\beta_{1}}$ -Fi , $y\in V_{2}^{\beta_{2}}$ $E_{i}$ ,
$D_{V_{1},V_{2}}(_{X}\otimes y)=q^{(}\beta_{1}|\beta_{2})y\otimes X$
$\coprod_{\mathrm{P}^{l\mathrm{I}\mathrm{H}}}\Phi \mathrm{e}\mathrm{J}\mathrm{l}\mathrm{b}\Pi$ $R$ , { $D_{V_{1}},v_{2}^{\}}$ , $c_{V_{1},V_{2}}=$
$D_{V_{1}\otimes V_{2}}$ , $\{c_{V_{1},V_{2}}\}$ $\mathcal{E}$ , $\mathit{1}\mathrm{I}^{\mathrm{p}}\mathrm{u}\mathrm{H}\Phi \mathrm{e}\mathrm{J}\mathrm{l}\mathrm{b}I\mathrm{I}$
.
274($\mathcal{E}$ ) [24.4] , $\{Cr_{\sim}\}\mathrm{f}/_{1}^{r},\mathrm{f}$, , $\mathcal{E}$
54
,27.5 ( $D$ a $\mathcal{E}$) [25.23] $D$ $M$ ,
$\mathrm{X}(M)=\oplus \mathrm{X}(M)^{\beta}$
$\beta\in P$
, $E_{i},$ $F_{i}$ : $\mathrm{X}(M)arrow \mathrm{X}(M)$ , $\mathrm{X}(M)$ $\mathcal{E}$
, X
X: $D\simarrow \mathcal{E}$
$(E_{i}F_{i}-FiE_{i})(x)=\delta_{i,j}[\beta(h_{i})]_{q_{i}}X$ , $\emptyset a\mathrm{u}8$
45
\S 3 Lie $\mathit{0}_{\kappa}$.
, Lie Lie ,
, Lie O ,
[I] [Kac]46
3.1 $\mathbb{C}$ Lie
\sim $\mathbb{C}$ Lie $\mathrm{g}$ Coxeter $h^{\vee}$ , (highest
root maximal root) $\theta$ Weyl $\rho$ $h^{\vee}= \frac{(\theta|\theta+2\rho)}{(\theta|\theta)}$
, Cartan $\mathfrak{h}$ $\mathfrak{h}^{*}$ , $\theta$ $(\theta|\theta)=2$
47 , $\text{ _{}\backslash }-\mathrm{g}$ , $h^{\vee}$ , $h^{\vee}=(\theta|\rho)+- 1$
$\backslash .\cdot$
,
, $\xi$ , $\mathbb{C}$
$\hat{\mathrm{g}}=(\mathbb{C}((\xi))\otimes_{\mathbb{C}}9)\oplus \mathbb{C}I\iota’$
$\tilde{\mathrm{g}}=(\mathbb{C}[\xi, \xi^{-1}]\otimes \mathbb{C}\mathrm{g})\oplus \mathbb{C}K$
, $\mathbb{C}I\mathrm{f}$ If 1 C- $f.\approx$ ,
$\mathbb{C}((\xi))=$
$\{ \sum\infty c_{n}\xi^{n}|N\in \mathbb{Z}, c_{n}\in \mathbb{C}\}$
$n=-N$
45. [22.8]
46. V. Kac, Infinite dimensional Lie algebras, Third Ed., $\mathrm{C}\mathrm{a}\mathrm{m}\mathrm{b}\mathrm{r}\mathrm{i}\mathrm{d}\mathrm{g}\dot{\mathrm{e}}$ , 1990
47. $ADE$ –
55
, Laurent , $f(\xi),$ $g(\xi)\in \mathbb{C}((\xi)),$ $X,$ $Y\in \mathrm{g}$
$[f(\xi)\otimes X,g(\xi)\otimes Y]=f(\xi)g(\xi)\otimes[x, Y]+(X|Y){\rm Res} \mathit{9}d\xi=0^{\cdot}f\cdot I\iota’$ , $[K,\hat{9}]=0$
, , $\hat{\mathrm{g}}$ Lie , $\tilde{\mathrm{g}}$ Lie
, $\mathrm{g}$ Dynkin Dynkin (non-twisted
) Cartan (GCM) $\mathrm{K}\mathrm{a}\mathrm{c}$ -MOOdy Lie 48
3.1.1 ( ) b- (level) $k$ , $I\mathrm{i}’$ $k$
, $\kappa=k+h^{\vee}$
, $\tilde{\mathrm{g}}$
3.1.2 ( $Q_{N},$ $Q_{N}\#$ ) [1.7]
$.Q_{N}=$ Spanc $\{(X_{1}\otimes\xi)’\cdots(X_{N\otimes}-\xi)|xi\in \mathrm{g}\}$
$.\neq$ $Q_{N}^{\#}=\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\oplus\{(X_{1}\otimes\xi^{-!})\cdot\cdot’\cdot(X_{N}\otimes\xi^{-1})|X_{i}\in \mathrm{g}\}$
$\text{ _{}arrow}^{-}\text{ }$ , 0 $\overline{\mathrm{g}}$ $M$
$
$\mathfrak{i}$.
$M(\infty);--\cup N=0M(N)$ , $M(N)arrow-\{v\in M|QNv=0\}$
$M(-\infty)=\cup^{\infty}MN=0(-N)$ , $M(-N)=\{_{\mathrm{t})\in M}|Q_{\Lambda^{\gamma 1}}\#\})=0$
$- f$ $\backslash$
3.13( g\tilde - ) [1.9] g\tilde - $M$ , $M(\infty)$ $M$
(smooth part) ,
$M..=M(\infty:i,l’,).\cdot,\text{ }$
, $M$ ( $\mathrm{S}\mathrm{l}\mathrm{n}\mathrm{o}\mathrm{o}\mathrm{t}\mathrm{h}\mathrm{I}$
$\iota\dot{\backslash }$ . ..
9
$l\mathrm{h}\text{ }\mathrm{f}\mathrm{f}\mathrm{l}^{i^{\backslash }}\mathrm{c}\hslash^{\mathrm{a}}\overline{\Leftrightarrow}\backslash$
$[\mathrm{g},\mathrm{g}]=9^{\text{ } }\circarrow i\vee\iota \text{ ^{}\vee}\mathrm{A}\mathrm{a}\text{ }\backslash l..\mathrm{g}\backslash .’...\ovalbox{\tt\small REJECT}’,‘ \mathrm{f}\mathrm{f}\mathrm{i}\text{ }l^{arrow}arrow.\text{ }.D\text{ }\backslash \dot{\mathrm{b}}’\backslash \rangle....\backslash _{\tau}X\otimes..\xi \mathit{1}\backslash \mathrm{r}_{\hslash\grave{\grave{\mathrm{a}}}Q\mathit{1}.\mathrm{V}.-\ovalbox{\tt\small REJECT}}\prime il^{\vee}$
$3^{-\text{ _{}\overline{arrow}}}$ &i‘*\theta i\ $\text{ _{}0}\tau\not\in’-\supset \text{ },$ $l\mathrm{x}t^{\mathrm{a}}\prime \text{ _{}0}$
314 [1.11] $\tilde{\mathrm{g}}$- $M$ ,. 1.W-, $\tilde{\mathrm{g}}$ , $\hat{\mathrm{g}}$
. . .
. ....
48. Kac-Moody Lie – ,
56
3.1.5 ( $\#$ ) $[1.\bm{5}]$ b- $\pi$ : $\tilde{\mathrm{g}}arrow \mathrm{E}\mathrm{n}\mathrm{d}_{\mathbb{C}()}M$ , C- $M$ $\tilde{\mathrm{g}}$
$(X\otimes\xi^{n})v=\pi(X\otimes(-\xi)^{-}n)(v)$ , $I\iota^{7}v=-\pi(K)(v)$
g\tilde - $M\#$
, - $M$ , C- $\mathrm{H}\mathrm{o}\mathrm{m}_{\mathbb{C}}(M, \mathbb{C})$ $\tilde{\mathrm{g}}$
$((X \bigotimes_{\vee}\xi^{n})\varphi)(v)---\varphi(\pi(X\otimes(-\xi)^{-}n)v)$, $(I\mathrm{t}^{\Gamma}\varphi)(v)=\varphi(I’1v)$
$\tilde{\mathrm{g}}-$ , $M$ $\#$
, , $M$ ,
3.16( $D$) $[1.16]$ $\tilde{\mathrm{g}}$- $M$ , $M$ $\#$
$D(M)$




$k$ Coxeter $h^{\vee}$ $k\neq-h^{\vee}$ , $\kappa\neq 0$ , $M$
$k$ \theta - ) $n$ , $\mathbb{C}-$
$Marrow ML_{n}$
$L_{n}(v)= \frac{1}{2\kappa}\{\sum_{j-/2}\sum_{a}(J_{a}\otimes\xi^{-}j)(J^{a}\otimes-\xi j+n)v+\sum_{<j-n/2}\sum_{a}(J^{a}\otimes\xi^{jn}+)(Ja\otimes\xi-j)v\}\geq n$
49 , $\{J_{a}\}$ $\{J^{a}\}$ , $\mathrm{g}$








, $c= \frac{k\dim \mathfrak{g}}{k+h^{\mathrm{v}}}$ $*\supset.\text{ }$ , {L $M$ $c$ Virasoro
- ,
$[L_{m}.’ X\otimes\xi^{n}]=-nX\otimes\xi m+n$
$m=0$ $[L_{0}, X\otimes\xi^{n}]=-nX\otimes\xi^{n}$ , $M$ $L_{0}$
$X\otimes\xi^{n}$ , $L_{0}$ $-\dot{n}\text{ }- \text{ }$
,
. .




32.1 ($L0-$ ) [2.6] \theta - $M$
$M_{d}=\{v\in M|L_{0}(v)=dv\}$
3.3 Weyl g\tilde -
$k$ $\kappa=k+h^{\vee}$ Lie $\mathrm{g}$ $\lambda\in P_{+}$
, $\lambda$ g- $\mathrm{V}_{\lambda}$ $\mathbb{C}[\xi]\xi\otimes 9$ $0$ , $I\mathrm{t}’$ $k$
, $\mathrm{V}_{\lambda}$ $\tilde{\mathrm{g}}_{+}=(\mathbb{C}[\xi|\bigotimes_{-}\mathrm{g})\oplus \mathbb{C}K$
33.1 (Weyl ) [2.4] $\mathrm{g}$ $\lambda\in P_{\lambda}$ , $\tilde{\mathrm{g}}-$
$\mathrm{M}_{\lambda}^{\kappa}=U(\tilde{\mathrm{g}})\mathrm{g}\mathrm{v}_{\lambda}U(_{\tilde{9}}+)$
$\text{ ^{}50}$ , $\lambda$ , $k$ Weyl ( $\backslash \mathrm{v}_{\mathrm{e}}\mathrm{y}\mathrm{l}$ module) 51 , $D(\mathrm{M}_{\lambda}^{\kappa})$
$\mathrm{C}\mathrm{O}$-Weyl




, $\tilde{\mathrm{g}}$ Weyl ,
$\lambda\in P_{+},$ $k\in \mathbb{C}$ , Weyl $\mathrm{M}_{\lambda}^{\kappa}$ – ,
–
333( g- ) [2.8] $\mathrm{L}_{\lambda}^{\kappa}$ ,
$\lambda$ , $k$ d- (irreducible highest weight $\tilde{\mathrm{g}}$-module) 52
334 [2.9] $\mathrm{V}_{\lambda^{\mathrm{c}arrow}}\mathrm{M}_{\lambda}\kappaarrow \mathrm{L}_{\lambda}^{\kappa}$ , $\mathrm{V}_{\lambda}$ A $(\mathrm{L}_{\lambda}^{\kappa})(1)$
, $\mathrm{L}_{\lambda}^{\kappa}$ $\mathrm{L}_{\mu}^{\kappa}$, $\lambda=\mu$ , $D( \mathrm{L}_{\lambda}^{\kappa}\wedge)=\mathrm{L}\frac{\text{ }{\lambda}}$
, $\overline{\lambda}=-w\mathrm{o}(\lambda)$ , $w_{0}$ $\mathrm{g}$ Weyl
50. $\mathrm{V}_{a}^{\kappa},$ $(a\in \mathrm{N})$ ,
51. – Verma, (generalized Verma module) – , [TK] Verma
Weyl [I] , Chevalley
, , generalized Weyl module
, . ’
52. $\lambda\in P_{+}$ , $k$ , , – $\vdash\theta$ $(\theta|\lambda)|\leq k$ $\mathrm{L}_{\lambda}^{\kappa}$
(integrable) $\mathfrak{g}$- , $1$
58
3.4
Weyl $\mathrm{M}_{\lambda}^{\kappa}$ , , $\mathrm{M}_{\lambda}^{\kappa}=\mathrm{L}_{\lambda}^{\text{ }}$ , $L_{0^{-}}$
, g- ( 2.12)
34.1 ( I) $[.2.12]$ (1) (2) $\mathrm{M}_{\lambda}^{\prime \mathrm{i}}$
.
(1) $\kappa$
(2) $\kappa$ , $(\lambda|\lambda+2\rho)<-2\kappa$
, $\bigwedge_{\ovalbox{\tt\small REJECT}}^{\wedge \text{ }}.\text{ }$ $\mathrm{g}$ $\mathrm{v}_{0}$ Weyl $\mathrm{M}_{0}^{\kappa}$
, $\kappa$ , $\kappa=-\frac{p}{p},$ , ($p,p’$ )
, ,
34.2 ( II) [27.4] $\lambda$ , $\mu\in P_{+}$
$\lambda=p\mu+(p-1)\rho$
, $\mathrm{M}_{\lambda}^{\kappa}$ , $\rho$ $\mathrm{g}$ Weyl , $\mathrm{g}$ –
. , ...
(determinant formula) 53
$P_{+}^{\kappa}$ 54 : $1^{-}$
$P_{+}^{\text{ }}=\{$
$P_{+}$ $(\kappa\hslash\backslash ^{\backslash ^{\backslash }}z\Phi \mathfrak{U}T^{\gamma}\overline{\mathrm{A}}\ovalbox{\tt\small REJECT}\backslash \ \mathrm{g})$




35.1 ( $\mathcal{O}_{\kappa}$ ) $[2.15]$ , $\lambda\in P_{+}$ $\mathrm{L}_{\lambda}^{\mathit{1}\hat{\iota}}$
, $k(=\kappa-h^{\mathrm{v}})$ \theta - $M$ $\mathcal{O}_{\kappa}$.
, g\tilde -
53. V. Kac and D. Kazhdan, Structure of representations with highest weight of infinite dimensional Lie
algebras, Adv. Math. 34 (1979)
54. [IV1 $\mathrm{N}_{0}$
59
, O $\mathbb{C}$ Abel , O $D$
,
352 [2.25] $D$ O O
, $\mathcal{O}_{\kappa}$ ,
3.5.3 [3.2] $k$ g\tilde - $M$ ,
(1) $M$ O
(2) $M$ , $M(1)$
(1) $\Rightarrow(2)$ , BGG ,
354 $\mathrm{L}_{\lambda}^{\kappa}$ $\mathrm{M}_{\lambda}^{\kappa-}$ $\mathcal{O}_{\kappa}$ , $\tilde{\mathrm{g}}$ Kac-Moody Lie
Verma O , $\mathrm{v}_{\mathrm{e}^{-}\mathrm{r}}‘ 1\mathrm{n}\mathrm{a}$ $M$
, $M(1)$ , $\kappa$ , O
, Kac-Moody Lie
$\mathcal{O}_{\kappa}$ , Lie $\mathrm{g}$ , $\mathrm{g}$




BGG $($Bernstein-Gelfand-Gelfand $\mathrm{r}\mathrm{e}\mathrm{C}\mathrm{i}_{\mathrm{P}^{\mathrm{r}}\mathrm{y}}\mathrm{o}\mathrm{c}\mathrm{i}\mathrm{t})^{56}$ :
3.6.1 [3.9] $\lambda\in P+$ , $\mathcal{O}_{\kappa}$ $\mathrm{P}_{\lambda}^{\kappa}$ ,
(1) $\mathrm{d}\mathrm{i}\ln \mathrm{H}\mathrm{o}\mathrm{l}\mathrm{n}\mathrm{o}_{\hslash}(\mathrm{P}_{\lambda}\text{ }, \mathrm{L}_{\mu}\kappa)=\delta_{\lambda},\mu$
‘ ...’. . ,
$\backslash \cdot$
(2) $\mathrm{P}_{\lambda}^{h’}$ $.\text{ }$ , $(\mu|\mu+‘ 2\rho)\leq’..(\lambda|\lambda+\underline{?}\rho)$
$\mu$ $\mathrm{M}_{\mu}^{\kappa}$
(3) $[\mathrm{P}_{\lambda}^{\kappa} : \mathrm{M}_{\mu}\text{ }.]=[\mathrm{M}\text{ } : \mathrm{L}_{\lambda}\text{ }]\mu$






. .. 1, , . ; . $\cdot$ . .
56. Brauer reciprocity Humphreys reciprocity $\text{ }.$’
,
60
, Soergel , Abel BGG
57 $O_{\text{ }}$ , $\lambda\in P_{+}$ ,
$t=(\lambda|\lambda+2\rho)$ , $F^{t}=\{\mu\in P_{+}|(\mu|\mu+2\rho)\leq t\}$ , O
, $\mathrm{L}_{\mu}^{\text{ }},$ $(\mu\in F^{t})$ , $\mathcal{O}_{\text{ }^{}t}$
362 $[2_{-}7.4]\lambda$ $P_{+}^{\kappa}$ , Weyl $\mathrm{M}_{\lambda}^{\text{ }}$
O , ,
3.7 Weyl






37.2 ( $A_{\kappa}$ ) [Lem 27.1 Cor 1] O Weyl
O $A_{\kappa}$
34.1 , Vo Weyl $\mathrm{M}_{0}^{\text{ } }$ , $\mathrm{L}_{0}^{\text{ }}l\mathrm{h}^{5@}$
A
3.7.3 (tilting module) [IV p.390] O $T$ tilting module59 , $T$
$D(T)$ A
, O
3.7.4 [Prop 27.2] $\lambda\in P+$ , tilting
module $\mathrm{T}_{\lambda}^{\text{ }}$ O ,
. .
$[ \mathrm{T}_{\lambda}^{\text{ }}]=[\mathrm{M}_{\lambda}^{\text{ }}]+\sum_{\mu<\lambda},C[\mu \mathrm{M}_{\mu}^{\text{ }}]$
, $(c_{\mu}\in \mathbb{Z})$
O Grothendieck
57. W. Soergel, Construction of projectives and reciprocity in an abstract setting, preprint.
58. , $\mathrm{O}_{\kappa}$ $\langle)$
$59$ .
61
Ringel 60 , BGG
$\mathrm{P}_{\mu}^{\kappa}$ $\mu\in F^{t},$ $(t=(\lambda|\lambda+2\rho))$ ,
$A=\mathrm{E}\mathrm{n}\mathrm{d}_{\mathcal{O}_{\kappa}}(\oplus \mathrm{P}_{\mu}^{\kappa})$ , A- $\mathcal{O}_{\kappa}^{t}$ ,
$\mu\in$.
$F^{t}$
$A$ quasi-hereditary Ringel ,
tilting
\S 4 $O_{\kappa}$
$\mathrm{P}^{1}$ 1 Riemann , $\mathrm{P}^{1}$ 1V $P_{1}$ , $\cdot$ . , $P_{N}$
$z_{i}$
$C$ , Lie $\tilde{\mathrm{g}}$ $\mathbb{J}/I_{1},$ $\cdots,$ $M_{\mathit{1}\mathrm{V}}$
$\langle M_{1}, \cdots, M_{N}\rangle_{C}$ , $\mathrm{d}\mathrm{i}\ln_{\mathbb{C}^{\langle)}}\mathbb{J}l1,$$M2,\mathit{1 hrm{t}t3$ “
” $\mathcal{O}_{\text{ }}$ $C$
, ,
(conforlnal block) , $N=3$
(fusion rule) , $[\mathrm{I}][\mathrm{I}\mathrm{I}]$
[TUY]61 [TUY] , $k$
– [I] [II] $\kappa=k+h^{\vee}$ ,
, 62
4.1 $\mathrm{P}^{1}$ Lie
$\mathrm{P}^{1}$ Riemann , $\mathrm{P}^{1}=\mathbb{C}\cup\{\infty\}$ , $z$ $\mathrm{P}^{1}$ $N$
$P_{1}$ , $\cdot$ . . , $P_{N}$ , , $P_{i}$ $z_{i}$ , $z$ }$arrow z_{i}$
$\mathrm{P}^{1}arrow \mathrm{P}^{1}$ $(_{)}^{-}3$
$(\mathrm{P}^{1} ;P_{1}, \cdots, P_{N;Z}1, \cdots, zN)$ $C$ , Riemann
,
$9_{C}=\mathrm{g}\otimes R_{C}$ , $R_{C}=$ { $\mathrm{P}^{1}$ , $P_{1},$ $\cdots,$ $P_{N}$ }
,
$[X\otimes-f(z), \mathrm{Y}\otimes-g(z)]=[X, Y]\otimes f(z)g(z)$
60. $\mathrm{C}.\mathrm{M}$ . Ringel, The category of modules with good filtrations over a quasi-hereditary algebra has almost
split sequences, Math. Z. 6 (1993).
61. A. Tsuchiya, K. Ueno and Y. Yamada, Conformal Field Theory on Universal Family of Stable Curves
with Gauge Symmetries, Adv. Stud. in Pure Math. 19 (1989)
62. [TUY] , Riemann $\tilde{\mathfrak{g}}$
,
, $[\mathrm{I}][\mathrm{I}\mathrm{I}]$ –




$\hat{\mathrm{g}}^{(N)}=(_{i=1}\oplus^{N}\mathbb{C}((\xi i))\otimes \mathrm{c}\emptyset)\oplus \mathbb{C}I\iota’$
$I\mathrm{t}’$ – , $f_{i}(\xi_{i})./gi(\xi_{\mathfrak{p}}.)\in \mathbb{C}((\xi))$,
$X_{i},$ $Y_{i}\in \mathrm{g}$
$[ \sum_{i}.\mathrm{f}_{i}(\xi_{i})\otimes X_{i}-,$
$\sum gi(i\xi i)\bigotimes_{-}Y_{i}]=\sum_{i=1}^{N}fi(\xi i)gi(\xi i)\otimes-[X_{i}, Y_{i}]+(_{i=1}\sum^{N}(X_{i}|Yi)\mathrm{R}ep\mathrm{s}gidfi)\xi_{i}=\mathrm{t}1K$
, Lie





$X \otimes f(z)\mapsto\sum_{i=1}X-\otimes f(i)(\xi_{i})$
.
, $\mathrm{g}_{C\prime}$ $\hat{\mathrm{g}}^{(N)}$ Lie , $\mathrm{g}_{C}$ $K$
4.2 g\tilde - $\mathrm{P}^{1}$
, $M_{1,}\ldots$ $M_{N}$ s- \theta -
$M=M_{1} \otimes\cdots\bigotimes_{-}\mathit{1}\mathrm{W}_{N}$
$\hat{\mathrm{g}}^{(\mathit{1}\mathrm{V})_{- 1}}D$D , 4.1.1 $\epsilonarrow\hat{\mathrm{g}}^{()}N$ -.
:
42.1 ( ) g\tilde - $M_{1,\cdots,\mathit{1}}\mathrm{t}I_{N}$ ,
$\langle M_{1,N}\ldots,$$\Lambda I)c=M/9_{C\prime}M$
, $C$ $\mathit{1}\mathrm{W}_{1},$ $\cdots,$ $M_{N}$ (space of coinvariants)
422 $M_{1},$ $\cdots,$ $M_{N}$ O . $\langle M_{1,N}\ldots, \mathit{1}\mathrm{t}l\rangle_{c}=M/9_{C\prime}M$
C- 64





, $\langle$ $M_{1},$ $\cdots$ , $M_{N})_{C}$ $\mathrm{P}^{1}$ $N$ $\{P_{i}\}$ $\{z_{i}\}$
, $\langle M_{1}, \cdots, M_{N}\rangle c$
, 2 , $\langle M_{1}, D(M2)\rangle C=\mathrm{H}_{\circ}\mathrm{m}_{\mathrm{o}\kappa}(l|l_{1}, M2)$ 3 ,
$\langle \mathit{1}\mathrm{W}_{1,2,3}MM\rangle$ (Vertex Operator) ,
(fusion rule)
4.3
, , , Sets
$\mathcal{O}_{\text{ ^{}-}}setS$
$M_{-}\mathrm{H}\mathrm{o}_{\mathfrak{R}}(\langle \mathit{1}\mathrm{w}_{1,2}M, D(M)\rangle_{C}, \mathrm{c})$
O $M_{1}\otimes\dot{M}_{2}$ – , O
$\mathit{1}\mathrm{W}_{1},$
$\cdots,$ $M_{N}$ ,
$\langle$ $M_{1}\otimes\cdot$ . . . $\otimes\cdot M_{N},$ $M$ ) $arrow\sim\langle M_{1}, \cdots, M_{\mathit{1}\mathrm{V}}, M\rangle$
$O_{\kappa}$ $M$ $\mathit{1}\mathrm{W}_{1}\otimes\cdot$ . . $\otimes \mathit{1}\mathrm{t}/I\mathit{1}\backslash r$
Riemann $(\mathrm{P}^{1} ; P0, \cdots, PN;z0, \cdots, z_{N})$ $C$ , $R_{C}$
$R_{C}=$ { $\mathrm{P}^{1}$ , $P_{0},$ $\cdots,$ $P_{N}$ }
, ,
$\Gamma=(_{9\otimes_{\mathbb{C}}Rc})\oplus \mathbb{C}K$
, ( $P_{0}$ )
$[X\otimes.f(_{\mathcal{Z})}, Y\otimes \mathit{9}(_{Z)]}=[x, Y]\otimes f(Z)g(z)+(x|Y){\rm Res} g^{(}(0)\xi)d.\mathrm{f}\mathrm{t}\mathrm{r}))(\xi)\cdot I\mathrm{t}\wedge$
$\xi=0$
, .$f^{(0)}(z)$ , .$f(z)$ $P_{(\}}$ $z_{0}$
Laurent
4.3.1 , 2
$\varphi$ : $\Gamma$ $(_{i=1}\mathit{1}\oplus \mathrm{c}((\xi_{i}))\otimes_{\mathbb{C}}9)\mathrm{V}\oplus \mathbb{C}K$ $(=\hat{9}^{(\mathit{1}\backslash ^{\gamma})})$
$X \bigotimes_{-}f(z)-\sum_{i=1}^{N}X-\otimes f(i)(\xi_{i})$
$K$ – $-K$







$\mathcal{O}_{\text{ }}$ $M_{1},$ $\cdots,$ $M_{N}$ $W=\mathit{1}\mathrm{W}_{1}\otimes$
. . . $\otimes-M_{\mathit{1}\mathrm{V}}$ , $\hat{\mathrm{g}}^{(N)}$ $\varphi$ 1 \Gamma -
$’\psi$ $W$ \theta -
, , $W$ $\hat{W}$ , \theta -






, Lie $\Gamma$ $U(\Gamma)$




, F- – , $\hat{W}$ $W$ , $\hat{\mathrm{g}}$ $\Gamma$




43.2 [4.10.,4.11] $\hat{W}$ , F\rightarrow \sim \Gamma -
, $\mathrm{I}/\hat{V}$ $\Gamma-$ – – ’. $\cdot$
,
433( ) [4.11] $\hat{W}$ $\hat{\mathrm{g}}-$ $\tilde{\mathrm{g}}$ $\#$
, $M_{1}\otimes^{-}\cdot$ . . $\otimes^{-}\mathit{1}VI_{N}$
, $\mathrm{I}\hat{W}$ \theta - $\tilde{\mathrm{g}}$ $\hat{W}$ , $T(W)=\hat{W}(-\infty)$
, $T(W)\#=\mathrm{n}I1\otimes-\cdot$ . . $\otimes M_{\mathrm{N}}$ ..$\cdot$ .
434 [7.10] $\mathit{1}\mathrm{W}_{1},$ $\cdots,$ $l\mathrm{W}_{N}$ $\mathcal{O}_{\kappa}$ , $M_{1}\otimes\cdot$ . . $\otimes \mathit{1}\mathrm{t}l_{N}$ ,
O $M$ ,
$T(W)\otimes \mathbb{J}I/\tilde{\mathrm{g}}(T(W)\otimes M)\simarrow W\otimes M/\Gamma(W\otimes M)$
65
,$\langle M_{1}\otimes\cdot... \otimes\cdot M_{N}, M\rangle\simarrow\langle M1, \cdots, M_{\mathit{1}}\mathrm{V}, M\rangle$
, $N–2$ , $M$ $D(M)$
$\mathrm{H}\mathrm{o}\mathrm{I}\mathrm{n}_{\mathcal{O}_{h}}.(M_{1}\otimes M_{2}, M)\simarrow \mathrm{H}\mathrm{o}_{\mathfrak{R}^{(\langle}}M_{1},$ $M_{2},$ $D(M)\rangle,$ $\mathbb{C})$
, ([13.4])





$B_{0}=$ { $(\gamma 0,$ $\cdots,$ $\gamma N)\in PGL_{2}(\mathrm{c})^{N}+1|\gamma i(\mathrm{o})$ }
$F_{0}=$ { $(\gamma_{0},$ $\cdots,$ $\gamma_{N},$ $Z)\in PGL_{\mathit{2}}(\mathrm{c})N+1\cross \mathrm{P}^{1}|\gamma i(\mathrm{o})$ $z$ }
$F_{0}arrow B_{0}$ PGL2 $(\mathbb{C}.)$ ,
$B_{:}F$
, $[B],$ $\mathbb{C}[F]$ 66 ,
$Farrow B$ , Riemann $(\mathrm{p}1_{;\gamma_{1}}(0), \cdots, \gamma_{N}(\mathrm{o});\gamma_{1}’-1(z), \cdots, \gamma_{\mathit{1}}\overline{\mathrm{v}}^{1}(z))$





$[X \bigotimes_{-}f, Y\otimes g]=[X, 1^{\nearrow}]\otimes fg$
, $\mathrm{g}_{F}$ $\mathbb{C}[B|arrow \mathbb{C}[F|$ $\mathbb{C}[B|$ Lie
, 42.1
65. , 2 ,
66. $B$ $\mathcal{V}$ , $F$ $\mathcal{V}’$ , $\mathbb{C}[B]$ $A$ , $\mathbb{C}[F]\text{ }A$’
66
44.1 [9.9]
$9_{F^{\mathrm{C}rightarrow}}(_{i}\oplus s\otimes \mathbb{C}\mathrm{c}[B]((=1N\xi_{i})))\oplus \mathbb{C}[B]K$
$X\otimes-f\mapsto$ $\sum_{i=1}^{N}x-\otimes f\cdot(i)(..\xi_{i})$
$\mathbb{C}[B]$ Lie , $f^{\{i)}(\xi_{i})$ , $f\in \mathbb{C}[F]$
$\gamma_{i}^{-1}(\mathcal{Z})$ Laurent 67
, $\mathcal{O}_{\kappa}$ $M_{1},$ $\cdots,$ $M_{N}$
$\mathrm{A}t_{i}=M_{i^{\otimes}}..\cdot--\mathrm{c}_{:}\mathrm{c}[B|, \mathcal{W}=/\vee\iota_{1^{(}}\backslash -\hslash.\mathbb{C}[B]\ldots\otimes_{\mathbb{C}[B]}$
$\mathcal{M}_{\mathit{1}\mathrm{V}}$ , .
$\langle M_{1}, \cdots, M_{N}\rangle_{F}=\mathcal{W}/9_{F}\mathcal{W}$
C[B]-
442 [12.12] $\langle$ $M_{1},$ $\cdots,$ $M_{N})_{F}$ $\mathbb{C}[B|-$





$\{1, 2, \cdots, N\}$ (cyclic order) $1<2<\cdots<N<1$
, 1 $1\mathrm{R}\mathrm{P}^{1}(\approx S1)$ Riemann $\mathrm{P}^{1}$ ,
$\gamma 1(0),$ $\cdots,$ $\gamma N(0)$
$B$ $B_{\mathrm{R}}$ $B_{\mathrm{R}}$ (Zariski ) Haussdorff
,
45.1 [13.2] $B_{\mathrm{R}}$
, $\mathcal{V}$ , Virasoro
, , $\mathcal{V}$ $B_{\mathrm{R}}$ ,
$\langle \mathit{1}\dot{\mathrm{v}}I_{1,\backslash r\rangle}\cdot\cdot\cdot,$$ mathit{1}\dot{ mathrm{W}}l$





, $M_{1},$ $\cdots,$ $M_{N}$ , $C$
$C’$ $B_{\mathrm{R}}$ ,
$\langle M_{1}, \cdots, M_{N}\rangle_{C}\sim-\langle M_{1,\lrcorner}\ldots,\mathfrak{h}l_{N}\ranglearrow^{\sim}\langle M_{1,\mathrm{V}}. .., \mathit{1}VI_{\mathit{1}}\rangle c’$’
, $\mathit{1}\mathrm{W}_{1},$ $\cdots,$ $M_{N}$
– ,




\S 5 Generic special
,
$\prime \mathcal{O}\backslash$
$Darrow D_{F}arrow\sim O_{\infty}$ $\mathcal{O}_{\text{ }}$
, , O $\kappa$ Lie , $\mathcal{O}$
$\kappa$ , $\mathcal{O}_{\infty}$ $\kappaarrow.\infty$
70 , generic $D$ O
– , $\mathbb{C}$ $A$ $A$ Lie
$\hat{\mathrm{B}}_{A}=(A((t))\otimes \mathrm{g})\oplus AK$
$K$ , Lie $\hat{\mathrm{g}}$
.:
5.1 $O$ $Oarrow O_{\kappa}$
$S$ $\mathbb{C}$ $S=\mathbb{C}-\mathrm{R}\geq$-,, $(r>0)\}$. ,
$R$
$R=$ { $S$ , $\infty$ }
70. [IV] , $\mathrm{O}_{\hat{\kappa}}$ , ,
68
, $R$ $S$ , $\infty$
$U$ $S\cup(U-\{\infty\})$ 71
, 2 , $R$ $x$ $x(z)=z$ $h’\in S$ ,
$Rarrow \mathbb{C}$
$f(z)-f(\kappa)$
$R/(x-\kappa)R$ A $\mathbb{C}$ , $\hat{\mathrm{g}}_{R}/(x$ –\mbox{\boldmath $\kappa$} $)$ $\hat{\mathrm{g}}$
, 9R- $M$ $\kappa\in S$ ,
$M(\kappa)=M\otimes_{R}R/(x-\kappa)R=M/(x-\kappa)M$
, $M(\kappa)$ \theta - ,




(3) $\kappa\in’\underline{\mathrm{b}}^{\gamma}$ $V(\kappa)$ O
, $\mathcal{O}$ , $\kappa\in S$
$\mathcal{O}arrow O_{\text{ }}$
$Vrightarrow V(\kappa)=V/(x-\kappa)V$
5.2 $\mathit{0}_{\infty}$ $Oarrow \mathit{0}_{\infty}$
$R$ $f(z)$ $z=\infty$ $D$ , $f(z)$ $z=\infty$
,
$R^{\mathrm{c}}arrow \mathbb{C}((x-1))$
, $R_{\infty}=\mathbb{C}((x-1))$ $R$ $\infty$ $\text{ ^{}72}$ ,
$\kappa_{\infty}$ : $Rarrow R_{\infty}$
$R^{\mathrm{c}}arrow R_{\infty}arrow^{\sim}R_{\infty}$
$x rightarrow\frac{1}{2\pi\sqrt{-1}}x$
71. [IV] the ring of analytic functions on $S$ meromorphic at $\infty$ ,
72. $R_{\infty}$ , $R_{\infty}=\mathbb{C}[[x^{-1}]]$ , $R_{\infty}=$
$\mathbb{C}((X^{-1})).\text{ }$ , $R$ $x$ : $zarrow z$ $R$
, $R_{\infty}=\mathbb{C}[[x^{-1}|]$ $R_{\infty}=\mathbb{C}((x^{-1}))$ –
, ,
69
52.1 ( $\mathcal{O}_{\infty}$ ) $[\mathrm{I}\mathrm{V}\mathrm{p}.401]$ $O$ $V$ $\kappa_{\infty}$ R $R$





$R_{\infty}arrow \mathbb{C}\sim((x^{-1}))$ $\mathcal{O}_{\infty}$ $\mathcal{O}$ ,
$\mathcal{O}_{\infty}$ , Abel $\mathrm{g}$ $\mathbb{C}((X^{-1}))$
5.22 [Lem 33.4] $\mathcal{O}arrow \mathcal{O}_{\infty}$ , $V,$ $W\in \mathcal{O}$
,
$\mathrm{H}\mathrm{o}\mathrm{m}_{\mathrm{o}^{(V,W)}}arrow \mathrm{H}\mathrm{o}\mathrm{m}_{\mathrm{o}_{\infty}\infty}(V\otimes R\infty’ W\otimes R)$
5.3 $Darrow D_{F^{-\sim}}O_{\infty}$
$D$ $\mathbb{C}[[\varpi]]$ Abel , – $\mathcal{O}_{\infty}$ $\mathbb{C}((X^{-}1))$ Abel , 15







, $\mathbb{C}((\varpi))$ $R_{\infty}$ – , $V\in O_{\infty}$
$\mathcal{G}(V)=V/Q\#_{V}1$
76 , $\mathrm{g}_{R_{\omega}}=\mathrm{g}((\varpi))$ $D_{F}$
$\mathcal{G}$ : $\mathcal{O}_{\infty}arrow D_{F}$
73. , $O_{\infty}$ [IV p.401]
74. [IV] $\mathbb{C}((x^{-1}))$ $\mathbb{C}[[x^{-1}]]$ $D$ $D_{F}$
75. , $\varpi$ $D$ , $D_{F}$
$V_{\lambda}[[\varpi]]$ $\mathrm{V}_{\lambda}((\varpi))$ , , $D_{F}$
76. $Q_{1}^{\#}$ 3.12
70
5.3.1 [Cor 31.3] $\mathcal{G}$ $\mathcal{O}_{\infty}arrow D_{F}\sim$
, $D$ $\mathbb{C}[[\varpi 11^{\sim}arrow \mathbb{C}[[x-1||$ Abel , $\kappa \text{ }.\mathrm{P}^{1}$ ,
$\kappa=\infty$
5.4 Weyl
, O Weyl A ,
$\mathcal{O}$ Weyl
54.1 ( $A$) $\mathcal{O}$ $V$ , $\kappa\in S$ $V(\kappa)$ A
$A$
$\circ$.
542 $\mathcal{O}_{\infty}$ , $\mathcal{O}arrow \mathcal{O}_{\infty}$
$A$
543 [Lem 298] $A$ $V$ $\mathcal{O}$ $W$ ,
(1) $\mathrm{H}\mathrm{o}\mathrm{m}_{\mathrm{o}}(V, W)$ R-
(2) $\kappa\in S$
$\mathrm{H}\mathrm{o}\mathrm{m}_{\mathcal{O}(}V,$ $W)(\kappa)arrow \mathrm{H}\mathrm{o}\mathrm{I}\mathrm{n}\mathcal{O}_{\kappa}(V(\kappa), W(\kappa))$
\S 6 $\mathit{0}_{\kappa}$ $C_{q}$
$\mathrm{g}$ $ADE$ , Cartan $(a_{i,j})$ 77
$D$ \S 2 ,
, $\mathcal{O}_{\infty}arrow D_{F}\sim$
– , $\mathcal{O}_{\text{ }}$
, O ,
\S 2 $Darrow \mathcal{E}\sim$ , $h’$
$\mathcal{O}_{\text{ }}arrow \mathcal{E}_{q}$ , $\mathcal{O}_{\kappa}arrow C_{q}\sim$ , $q$ $q=e^{-\pi\sqrt{-1}/\text{ } }$
, $\mathcal{E}_{q}$ $U_{q}(\mathrm{g})$ , , $C_{q}$ Lusztig
O
, $\kappa$ ( )
77. $ADE$ , $ADE$




6.11($A,$ $O_{\infty}$ ) [IV $\mathrm{p}.40\iota$ ] $A,$ $\mathcal{O}_{\infty}$ O
, $\otimes$
, $\mathcal{G}$ : $\mathcal{O}_{\infty}arrow D_{F}\sim$
, $\mathcal{O}_{\infty}$
– , O\rightarrow O
6.12 [Thm 29.1] $A$ $V,$ $W$ $V\otimes W$ $A$
, $\kappa\in S$ $(V \otimes W)(\kappa)\simarrow V(\kappa)\otimes W(f_{\hat{v}})$
, ,
6.13 $A,$ $\mathcal{O}_{\text{ }},$ $(\kappa\in S)$ , ,
$Aarrow \mathcal{O}_{\infty}$ $Aarrow \mathcal{O}_{\text{ }}$
, $\mathcal{O}_{\kappa}$ $A$
Riemann $C$ $\mathrm{P}^{1}$ 4
, $C$ $1\mathrm{P}^{1}$ 2 RielIla-nn 2
1
, $\langle M_{1}\otimes^{-}M_{2}, M_{3}\otimes M_{4}\ranglearrow\sim\langle M1,$ $M2,\mathit{1}\mathrm{w}3,\mathit{1}\mathrm{w}4$ ) ,
$(M_{1}\otimes \mathit{1}\mathrm{W}_{2})\otimes M_{3}arrow\sim M_{1}\otimes(M_{2}\otimes M_{3})$ – , Virasoro
$L_{0}$ ,
( [II ] ) , A $\kappa$ “
” , $A$ (O )
, $Aarrow \mathcal{O}_{\infty}$ , $\mathcal{O}_{\infty}arrow\sim D_{F}$ –
, $Aarrow \mathcal{O}_{\infty}$ $A$ , A
, O A
, , $\mathcal{O}_{\text{ }}$
6.2
$\kappa$ 78 , $\kappa$
,
62.1 [Lem 315 Cor 1] $\kappa$ , “ O
78. [IV]
72
, $\kappa$ ( ) ,
622 [Thm 321] $\kappa$ , $\lambda_{0}\in P_{+}$
, Weyl $\mathrm{M}_{\lambda_{0}}^{\kappa}$ , O
, $\mathrm{M}_{\lambda_{0}}^{\kappa}$ ,
O
, Lie $\mathrm{g}$ $G$ ,
$Z\subset G$ $\lambda\in P_{+}$ , $\mathrm{V}_{\lambda}$ g- – G-
$Garrow\rho_{\lambda}\mathrm{A}\mathrm{u}\mathrm{t}(\mathrm{V}_{\lambda})$ , $z\in Z$ $\rho_{\lambda}(z)=\theta_{\lambda}(z)\mathrm{i}\mathrm{d}$






6.23 [Lem 32.2] $\lambda$ $P_{+}(\theta)$ $\mathrm{M}_{\lambda}^{\text{ }}$ $\mathrm{M}_{\lambda_{0}}^{\text{ }}$
– , 362 , $\lambda$ P , $\mathrm{M}_{\lambda}^{\kappa}$
, $\lambda$ $P_{+}(\theta)\mathrm{n}$ $\mathrm{M}|\text{ }\mathrm{M}_{\lambda_{0}}^{\hslash}$
, M 79, $o_{h’}(\theta)$ , $\mathcal{O}_{\kappa}$
, $\lambda\in P_{+}(\theta)$ $\mathrm{L}_{\lambda}^{\kappa}$
$\mathcal{O}_{\text{ }}(\theta)$ tilting lnodule rigid
, , $t_{J}=(\lambda|\lambda+2\rho)$ $O_{\text{ }}(\theta \mathrm{I}$
$\lambda+P_{+}(\theta)\cap P_{+}$ $\lambda$ $\lambda$
, $r\lambda$ $P_{+}(\theta)$ $r$ , $\mathrm{M}_{\lambda}^{\kappa}$ tilting ,
$(\mathrm{M}_{\lambda}^{\text{ }})-\otimes r$ $\mathcal{O}_{\text{ }}(\theta)$ $\mathrm{M}_{\lambda}^{\text{ }}$
, O :.. .:
, $D$ $\lambda 0\in P_{+}$ $\mathrm{M}_{\lambda_{0}}^{\kappa}$
, ,
6.24 [Lem 31.5 Cor 2, Lem 31.6, Lem $31.7|\kappa$ $- \frac{p}{p}$,
(1) $\mathrm{g}$ $A_{n}$ , $n+1$ , $\mathrm{M}_{\lambda_{0}}^{\kappa}$
(2) $\mathrm{g}$ $D_{2n}$ , $2n$ $- V_{\lambda_{\text{ }} }$ , $\mathrm{M}_{\lambda_{\text{ }}^{}\kappa}\text{ ^{}1J}\neq^{\backslash }- \text{ }\backslash \text{ }$
(3) $\mathrm{g}$ $D_{2n+1}$ , $p\neq 2$ $2n+2$ $V_{\lambda_{\text{ }} }$ , $\mathrm{M}_{\lambda_{0}}^{\mathrm{A}}$
79. [IV] ,
73
(4) $\mathrm{g}$ $E_{6}$ , $p>13$ 27 , $\mathrm{M}_{\lambda_{\text{ }^{}\dot{\vee}}}’\text{ }\prime\supset \mathrm{I}$) $\neq^{\backslash }- \text{ }\backslash$
(5) $\mathrm{g}$ $E_{7}$ , $P>19$ 56 $V_{\lambda_{\text{ }} }$ , $\mathrm{M}_{\lambda_{\text{ }}^{}h}\text{ }|$) $\neq- \text{ }\backslash \backslash$
(6) $\mathrm{g}$ $E_{8}$ , $p>31$ 248 $V_{\lambda_{\text{ }}}$ , $\mathrm{M}_{\lambda_{0}}^{\kappa}$
. $\cdot$
6.3 $O_{\kappa}arrow \mathcal{E}_{q}$
, , $7^{\tau}$ $\mathcal{K}<-7$’ O
$’\underline,$$=\mathbb{C}\mathrm{t}^{\gamma}-\{z|z\geq-r\}$ , $R$ ,
$q$
$S$ $\kappa$ $q=e^{-\pi\sqrt{-1}/}\text{ _{ } }$
,
$[n]_{q}= \frac{q^{n}-q^{-n}}{-1}$ , $[r\iota]_{q}!=[n]_{q}\cdots[1]_{q}$
$q-q$
, \S 2 $D$ , $\mathrm{V}_{\lambda}[[\varpi]|$ $O$
Weyl $\mathrm{M}_{\lambda}$ , $\otimes$ $\dot{\overline{\triangleright}}\mathrm{J}$ ,
$R$
, ! $s_{\lambda}$ $\tau_{i;\lambda,\mu}$




$E_{i}$ : $\mathrm{X}(M)^{\beta}arrow \mathrm{X}(M)^{\beta+\alpha_{i}}$




(3) $a_{i,j}=-1$ $E_{i^{2}}E_{j}-(q+q^{-1})F_{i}$ $E_{i^{E_{i}}}+E_{j}E_{i^{2}}=0$
$F_{i}^{2}F_{j}-(q+q^{-1})F_{i}F_{j}Fi+F_{j}F_{i}^{2}=0$
, $q=e^{-\pi\sqrt{-1}/\text{ } _{}\mathcal{K}\in}S$ $R$
, $\kappa\in S$ , O
$E_{i},$ $F_{i}$ , $U_{q}(\mathrm{g})$ $\mathcal{E}_{q}$
$\mathrm{X}_{\kappa}$ : $\mathcal{O}_{\text{ }}arrow \mathcal{E}_{q}$
74
6.4 $q$ 1 $C_{q}$
‘
Lusztig , $q$ 1
, $U_{q}(9)$ , “ $\frac{E_{i^{n}}}{[n]_{q}!},$ $\frac{F_{i^{\mathrm{n}}}}{[n_{q}!}\mathrm{i}$.
” $q$ 1 $\text{ _{ } }$ .
, $q$ 80, $A=$. $\mathbb{C}[q, q^{-1}]$ $n$
, . .. ,,
$[n]_{q}= \frac{q^{n}-q^{-n}}{-1}$ , $[rl]_{q}!=[n]_{q}\cdots[1]_{q}$
$q-q$







, [$\gamma-$ , $\mathbb{C}(q)$ , $\kappa_{i}^{-},$ $(i=1, \cdots , r)$ ,
$\sum_{m,n\in \mathbb{Z}\geq 0}$
$(-1)^{m-} \frac{\kappa_{i}^{-m}}{[m]_{q}1}\kappa_{j^{\frac{\kappa_{i}^{-n}}{[n]_{q}1}}}’=0$ $(i\neq j)$
$7n+n=-ai,j+1$
,
$U^{-}= \bigoplus_{\mu,\in Q}U_{\mu}^{-}$ ..
$0$ , $U_{\mu}^{-}$, , $\mu=m_{1}\alpha_{1}+‘\cdot\cdot+rn_{n}\alpha_{n}$ ,
$U_{\mu}^{-}=\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\mathbb{C}(q)$ { $\kappa^{-}i_{1}$ . $\kappa_{i_{p}}^{-}|$ $i_{1},$ $\cdots,$ $i_{p}$ $i$ $m_{i}$ }




$\kappa_{i}^{-(m)}=\frac{l}{[m]_{q}!}$ , ( $i$ 1, $\cdots,$ $r,$ $m\in$.
$\mathbb{Z}$ )$\geq 0$




, $\mathbb{C}$ A- , $\mathbb{C}-$ $U_{q}^{-}$ $U_{q}^{-}=\mathbb{C}\otimes_{A}\iota_{A}^{\gamma-}$
$\backslash$’ .
80. Lusztig $v$ , , $q$ $q$
, , $\mathbb{C}[[\varpi||$ , 3 ,
.
75
, $U_{q}^{-}$ – $U_{q}^{+}$ , $\kappa_{i}^{-}$
$U_{q}^{+}$ $\kappa_{i}^{+}$ , $C_{q}$ 81
64.1 ( $C_{q}$ ) [IV p.433] $V= \sum_{\beta\in P}V^{\beta}$ $\mathbb{C}-$
$V$ , $U_{q^{-\text{ }}q}^{\pm}\text{ _{}U}\pmarrow \mathrm{E}\mathrm{n}\mathrm{d}_{\mathbb{C}()}V$ , $\kappa_{i}^{-(m)}$ $\mathrm{E}\mathrm{n}\mathrm{d}_{\mathbb{C}}(V)$
$F_{i}^{(m)}$ , $\kappa_{i}^{+(n)}$ $\mathrm{E}\mathrm{n}\mathrm{d}_{\mathbb{C}}(V)$ $E_{i}^{(m)}$ ,
(1) $E_{i}^{(m)}(V\beta)\subset V^{\beta+m\alpha_{i}},$ $F_{i}^{(m)}(V\beta)\subset V^{\theta-m\alpha_{i}}$
(2) $E_{i}(m)Fj(n)_{v}=F_{ji}^{(n)}E(m)v(i\neq j)$
(3) $v\in V^{\beta}$
(.3-1) $E_{ii}^{(m)}F^{(n})v=t \sum_{\geq 0}[^{m-n}+\beta(h_{i})]tFi(n-t)Ei(m-t)v$
$(.3- 2)$ $F_{i}^{(n)}E_{i}^{(}m)_{v}= \sum_{t\geq 0}[^{-m+n-}t]\beta(hi)Ei(m-t)Fi(n-t)_{v}$
, A- $Varrow V’$ , $U_{q}^{\pm}-\mathrm{i}\mathrm{O}\Pi \text{ }\mathrm{D}\neg$
$C_{q}$
, $E_{i}=E_{i}^{(1)},$ $F_{i}=F^{(1)}$ , $C_{q}$ $\mathcal{E}_{q}$ ,
$C_{q}arrow \mathcal{E}_{q}$
642($C_{q}$ ) [IV p.434] $C_{q}$ $V_{1},$ $V_{2}$ , $\mathbb{C}$
$V_{1}\otimes V_{2}$ , – $C_{q}$
(1)
$(V_{1} \otimes V_{2})\beta=\beta+\beta_{2}\bigoplus_{1=\beta}V_{1^{\beta}}1_{(}\underline{\mathfrak{D}}V_{2}\beta 2$
(2) $V_{1}^{\beta_{1_{\otimes V_{\mathit{2}}}}.\beta_{2}}-\mathrm{b}\text{ }$ $E_{i}^{(m)}(v_{1^{\otimes v}}2)=.. \sum q^{m_{1}m_{2+}}Em2\beta 1(hi)(m1)_{\iota}.)m1+m_{2}=m(\mathrm{r}\partial Em_{2})_{v_{2}}i1\backslash i$
$F_{i}(m)(v_{1^{\bigotimes_{-})}}v_{2}= \sum q^{m_{12}}m-m_{1\beta_{2}}m_{1+m=}2m\sim(hi)F_{i}^{\{)}rn1F^{(\prime}v1\otimes iv_{2}m))$
, A-
$(V_{1}\otimes V_{2})\otimes-V_{3}arrow V_{1}\otimes(V_{2}\otimes V_{3})$
$(x_{1} \otimes-x_{2})\otimes-x_{3}-x_{1}\otimes(x_{2}\bigotimes_{-}x_{3})$
, $I=\mathbb{C}$ $E_{i,i}^{(m)}F(m)$ , $(\uparrow n>0)$ , $0$
, , $C_{q}$
6.4.3 [IV p.435-P.436] $C_{q}$ $\otimes$
81. $C_{\kappa}$
76
,644 $|$ [ $\mathrm{I}\mathrm{V}$ , Lem 371] $\lambda\in P_{+}$ , $C_{q}$ $\mathcal{L}_{\lambda}$ , $\mathcal{L}_{\lambda}=$
$\bigoplus_{\beta\in P}\mathcal{L}_{\lambda}^{\beta}$ ,
(1) $\mathcal{L}_{\lambda}^{\lambda}\neq\{0\}$
(2) $v\in L_{\lambda}^{\lambda}$ $E_{i}^{(n)}v=0(i=1-, \cdots, r, n\in \mathbb{N})$
– $\lambda$ $P_{+}^{\kappa}$ $\mathcal{L}_{\lambda}$
$C_{q}$ , $\dim \mathcal{L}\lambda=\dim \mathrm{v}\lambda$ $82_{\text{ }}$ . .
$\cdot$
, .
645 $\mathrm{g}$ $ADE$ , $ADE$
, [L284]
6.5 $O_{\kappa}arrow C_{q}$
, , Kazhdan-Lusztig , O
65.1 [Prop 36.1 Cor] O $\mathit{1}\mathrm{W}_{1},$ $M_{2}$ ,
$m_{M_{1},M_{2}}$ : $\mathrm{X}_{\text{ }}(M_{1}\mathrm{I}\otimes \mathrm{X}_{\text{ }}(M_{2})arrow \mathrm{X}_{\text{ }}\sim(M_{1}\otimes M_{2})$ , $\kappa=-_{p}^{L},$ ,
$(p\neq 1)$ , , $M\in$ O $\mathrm{X}(M)$ $E_{i^{p}}=0,$ $F_{i}^{p}=0$ ,
$n>0,$ $i=1,$ $\cdots,$ $r$ , , $E_{i}^{(7\iota)},$ $F_{i}^{(n)}$ , .
$([_{7?}]q!)E_{i}=E_{i}(n)n$ , $([n]_{q}!)F_{i}=F^{n}(\cdot n)i$
, , O ,






$\mathcal{O}_{\text{ }}arrow C_{q}$ X ,
$ADE$ \langle 2: $\mathrm{A}\mathrm{a}^{83}$ , , 6.4.4 , $\mathrm{g}$
$ADE$
82. , $\lambda\in P_{+}^{\kappa}$ $C_{q}$ “Weyl ))
362 , Abel $O_{\kappa},$ $C_{q}$
83. [L2]
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65.2 ( $O_{\kappa}\Leftrightarrow C_{q}$ ) [IV p.437, Thm 38.1] $\mathrm{X}_{1^{\wedge}},$,
$\mathrm{X}_{\text{ }}$ : $\mathcal{O}_{\text{ }}arrow C_{q}\sim$
$\mathcal{O}_{\text{ }}$ $C_{q}$ , 362, 644
, 1.73
, Abel ,
653 , Lusztig ,
X $\lambda$ O $C_{q}$ , ,
$\lambda$





$ti$ , $q$ 1 ,
, tilting
,
, [IV] , ,
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